Extracellular calcium concentration affects susceptibility to global ischemic injury in newborn but not adult hearts.
Whether immaturity in calcium handling, that persists for a time after birth, could increase sensitivity to extracellular calcium and affect the development of global ischemic injury in the newborn heart is unknown. To address this, the impact of alterations in extracellular calcium concentration on newborn vs. adult development of myocardial injury due to ischemia was studied. In Study 1, hearts of 3-day-old piglets and adult pigs were perfused with 1 of 3 different calcium concentrations: control (0.13 mmol/L); intermediate (2.23 mmol/L); high (4.44 mmol/L) before normothermic ischemia. In Study 2, newborn hearts were allocated to perfusion with or without the L-calcium channel antagonist verapamil before high (4.44 mmol/L) calcium exposure, followed by normothermic ischemia. Tolerance to ischemia was assessed by determining the time to irreversible injury in all hearts, and maximal intraventricular pressures at peak injury. In adults, altering calcium did not significantly affect tolerance to ischemia. In newborns, increasing calcium exposure resulted in significantly greater intraventricular pressures at maximal injury when compared with the control (low) calcium group (p<.05). As well, newborns exposed to high calcium had a significantly shorter time to the development of ischemic injury compared with the other groups (p<.05). Those newborn hearts pretreated with an L-calcium channel antagonist before the high calcium exposure did not exhibit this increased susceptibility to ischemic injury (p<.05). In contrast to adults, the development of ischemic injury in the newborn heart is affected by changes in extracellular calcium, that can be modified with an L-calcium channel antagonist. This information could be used to prolong the safe preservation time of newborn donor hearts harvested for transplantation, as well as to minimize postoperative ventricular dysfunction.